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[57] ABSTRACT 

A programmable and controllable timing circuit (CTC) 
is formed on an integrated circuit chip (IC) having a test 
access port (TAP) with TAP access pins including a 
TAP data input (TDI) pin, a TAP data output (TDO) 
pin, a TAP mode select (TMS) pin, and a TAP clock 
(TCK) pin. The test access port includes a plurality of 
TAP data registers (TDRs) coupled to receive data 
signals at the TDI pin and to shift data signals to the 
TDO pin. A TAP instruction register (TIR) is coupled 
to receive instruction codes at the TDI pin and to direct 
use of selected TDRs. A TAP controller is coupled to 
receive control signals at the TMS pin and clock signals 
at the TCK pin and provide control and clock signals 
for controlling operation of the TIR and TDRs. The 
TAP is provided with a controllable timing circuit de- 
sign specific TAP data register (CTC/DS/TDR) con- 
structed for receiving a coded CTC digital timing code 
at the TDI pin. A variable timing generator circuit on 
the IC is responsive to a CTC digital timing code for 
generating a selected time interval between a start trig- 
ger signal (STS) and a clock strobe signal (STB) ac- 
cording to the specified CTC digital timing code. The 
CTC/DS/TDR is coupled to the variable timing gener- 
ator circuit for specifying a selected time interval. In the 
preferred example the variable timing generator circuit 
is provided by a ramp generator (RAMP) initiating a 
voltage ramp signal (yjuMP) in response to an STS, a 
digital to analog converter (DAC) coupled to the 
CTC/DS/TDR for delivering an analog CTC voltage 
level signal (Vcrc)» and a comparator (COMP) coupled 
to receive and compare the voltage ramp signal 
(Vramp) and CTC voltage signal (Vcrc) and to deliver 
the clock strobe signal (STB) 

20 Claims, 9 Drawing Sheets 



STB 

cn m C3 a_ 



MUXi a buffers 



TOO 
V 



CTC/DS/TDR 



TOR4-N 



I DESIGN SPECIFIC REGISTER 
TDRW 



BOUNDARY SCAN REGISTER 

m ev t t t t t t t 

j INSTRUCTION DCCOOE 

TlR ^v T 
1 INSTRUCTION REGISTER 



STS 

fy 1 





DAC 










RAMP 
GENERATOR 



(STS) START RAMP SIGNAL 



TAP 
CONTROLLER 



9 v u 

TCK TMS 

, y 



-o — a — czr 



O — CT 



03/24/2004, EAST Version: 1.4.1 



U.S. Patent July 27, 1993 Sheet 1 of 9 




03/24/2004, EAST Version: 1.4.1 



U.S. Patent 



July 27, 1993 



Sheet 2 of 9 



5,231,314 




03/24/2004, EAST version: 1.4.1 



U.S. Patent July 27, 1993 sheet 3 of 9 5,231,314 





o 

S 

o 

BE 



to 
o 



03/24/2004, EAST Version: 1.4.1 



U.S. Patent July 27, 1993 Sheet 4 of 9 5,231,314 



TEST LOGIC RESET k 




0 



RUN TEST IDLE 



SELECT TDR SCAN 



CAPTURE TDR 



1 



SHIFT TDR 



1 



EXIT 1 TDR 



PAUSE TDR 



1 



EXIT 2 TDR 



1 



* SELECT T 



UPDATE TDR 



1 




CAPTURE TIR 



R SCAN 



SHIFT TIR 



1 



EXIT 1 TIR 



z 



PAUSE TIR 



1 



EXIT 2 TIR 



1 



UPDATE TIR 





FIG 4 (PRIOR ART) 



03/24/2004, EAST version: 1.4.1 



U.S. Patent Jui y 27, 1993 sheet 5 of 9 5,231,314 




03/24/2004, EAST Version: 1.4.1 



U.S. Patent July 27, 1993 Sheet 6 of 9 5,231,314 



FROM CTC/DSR 



STS~> 




>-\*>UT 



FIG 6 



STS 

Vac (MAX) 



V CTC (MIN) 

Vramp 




STB Vqut (MIN DELAY) 
STBVout (MAX DELAY) 

FIG 7 



/ 



J V 



STS 
a 



STB - 

FIG9A 



03/24/2004, EAST Version: 1.4.1 




03/24/2004, EAST version: 1.4.1 



U.S. Patent 



July 27, 1993 



Sheet 8 of 9 




03/24/2004, EAST version: 1.4.1 



U.S. Patent July 27, 1W3 Sheet 9 of 9 5,231,314 




03/24/2004, EAST Version: 1.4.1 



5,231,314 

1 2 

scan shift register, one of the test data registers of the 
PROGRAMMABLE TIMING CIRCUIT FOR test access port. 

INTEGRATED CIRCUIT DEVICE WITH TEST The dedicated pins for the test access port include a 

ACCESS PORT test data input (TDI) pin to receive data signals for the 

5 test data registers (TDRs) and to receive instruction 
TECHNICAL FIELD codes for the test instruction register T1R. The test data 

This invention relates to a new controllable and pro- ^SSS^^^X ftWD the 7°^ 
grammable timing circuit for IC devices having a Mm- ?" d TT^^ £T ! f " eMmpl * f °- 

T^ S i^o i? , i pT " 10 bo^Datasignalsandto^ 

IEEE Standard 1149.1 Test Access Port and Boundary from ^ TO £ md TIR ^ TD0 pin through re- 

Scan Architecture and in the protocolof the Joint Test tivc multi pi CX ers MUX, a latch or passgate, and an 

Action Group JTAG Version 2.0. The TAP is con- output buffer ^ led t0 the TO0 pin . 

structed with a controllable timing circuit (CTC) design The remaining two required pins of the standard 

specific test access port data register (TDR) to receive 15 TAP are a test mode select (TMS) pin and a test clock 

a CTC digital timing code applied at the TAP test data (TCK) pin which provide respective control and clock 

input (TDI) pin. A variable timing generator circuit on sig^ t0 the TAP controller which in turn directs 

the IC device is responsive to a CTC digital timing code operation of the test access port. In response to TMS 

from CTC design specific TDR for generating a se- control signals and TCK clock signals, the TAP con- 

lected time interval according to the specified CTC 20 troller selects either the instruction register TIR for 

digital timing code received through the test access entry of an instruction code from the TDI pin, or selects 

port. a test data register TDR for entry of data signals from 

RArifrpniTwn apt the TDI pin. According to the selected mode of opera- 

backukuuinu AKl tioil( fof example a test t0 ^ performed or a design 

The calibration and tuning of system tuning provided 25 specific procedure to be followed, the appropriate in- 
by a system timing generator circuit is a critical factor in stniction code is shifted into the instruction register 
system performance including memory performance. TIR. The instruction code is decoded by instruction 
Increasing clock frequencies require less skew between decode register IDR and the TIR selects one or more of 
related signals while timing measurement becomes the TAP test data registers TDRs required for the se* 
more difficult. Both factory calibration and field tuning 30 lected test or procedure. 

may be unsatisfactory for a subsequent user. Inexperi- r The miT V m "ffl required TDRs include the hnimdw^ 
enced technicians may also misadjust timing during scan register TDR1 forp^rforming boundary scan test- 
factory or field tuning. m and thr bypass rrg5&TDR2 for by^assing^data 

' Failure of system timing is also due to the use of signals and inntmrtinn ymlri tn thr TI>Q pin in order to 
discrete wire wound delay line components packaged in 35 b yp™ a particular chip for a selected test or other 
separate dual-in-line packages (DIPs). Such discrete pr^dure. TheTAP may also include design specific 
delay lines are unreliable and a major cause of system P* 5 such T° R * djustrated in FIG. 1 for perform- 
failure. Other timing calibration tools such as monosta- m « * customized or design specific procedure as hereaf- 
ble multi-vibrators and decoded counters suffer from An tCRdescnbed. An optional TAP test reset pin or TRST 
drift and low resolution. 40 ******* dedicated for resetting the TAP controller. 

The present invention seeks to provide an integrated . f ™* ™ tTal operatxng feature of the standard TAP is 
circuit replacement for discrete delay lines using a pro- ?* *?" "f*" TDR1 ? h 4 0w ™° *?? 

grammable and controllable variable timing generator "JJJ V %M 

fuxuit formed « y « the integrated circuit chip „ ^^SSS ffi^^^ 

device. According to the invention access to the new -a- ^ . 7 i 1 "X ? + li. ^ 

• forwit . ^„; t nrnoron , maK u timincr & p„p M tnr .device in the system logic oath bet ween the respect ive 
mtegrated circuit progra^able timing generator or- mput or output pin anLhllC devicTlnle^SWem 
cuit is obtained through a standard test access port *i nA ' „ ' * " V,. w *~p"jr««« 

(TAP) such as the IEEE Standard 1 149.1 Test AcSss ^^^^^S^T^^ Mgn 

j o a . A , may be snittea into position through the boundary scan 

Port and Boundary Scan Architecture and the JTAG „ ^ of ^ re ^ ter ISr e^ple foVinput 
Version M Protocol for a Test Access Port. The pres- t0 ^ Ic device ^ ^ ^ fa p P 
ent mvention is therefore apphcable to IC devices with The processed data signals may be latched at the bound- 
a test access port of the mustrated in FIGS. 1-4. ^ m m11s adjaccnt t0 om t ms t0 ^ shifted 

J J* ** y^P 0 * <T AP > j^fJ*?, *P&-§ff through the boundary scan path and TDO pin for test 
dggB49, 1 Test Access Port and JT AG Version 2.0 for 55 analysis. Each boundary scan cell BSC generally incor- 
incorporatiolTon an mtegrated circuit chip julhisirated porates two flip-flops and two multiplexers for accom- 
in FIG. 1. At least four pins of the IC device and up to pushing these boundary scan test objectives The 
3% to 25% of the chip silicon surface area is dedicated boundary scan register and bo undary sc an test prmpT 
to the test access port and associated TAP circuits. The ^les permit access to all pins of fr* ic. rlvi rTwith^ut 
TAP is intended to standardize and facilitate boundary $o physical contact bv a "bed of nails" testing apparatus, 
scan testing and other design specific testing of the IC A more detailed fragmentary block diagram of the 
device while the chip is still mounted on a circuit board test access port data registers TDRs is illustrated in 
and without separate test instrumentation. The TAP FIG. 3. FIG. 3 shows a bank of TDRs including the 
permits all phases of testing with access at all pins of the minimum required boundary scan register TDR1 and 
IC device through boundary scan principles even for 65 bypass register TDR2. An optional test data register is 
surface mount devices and without the necessity of the device identification register TDR3 for coded iden- 
"bed of nails 1 * physical contact. Access to all pins for tification of a device name. Additionally there may be a 
testing is achieved electronically through the boundary plurality of specialized design specific TAP data regis- 
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tcrs TDR4, TDR5 and TDRN etc. for design specific variable timing generator circuit to generate the se- 
tests or procedures. lected time interval. 

A state diagram showing the operation of the TAP nciroc ™? tuc rwcvrrnM 

controller for a standardized test access port is illus- DISCLOSURE OF THE INVENTION 

trated in FIG. 4. From the Run Test/Idle condition, the 5 in order to accomplish these results the invention 
TAP controller selects either the TAP test instruction provides a controllable timing circuit for an integrated 
register TIR or one of the TAP test data registers TDRs circuit chip and a test access port (TAP) with a control- 
for shifting respective instruction codes or data signals lable timing circuit design specific TAP data register 
into and from the captured register TDRN between the (CTC/DS/TDR) constructed for receiving a coded 
TDI and TDO pins. Further background information ,0 CTC digital timing code at the TDI pin. A variable 
and detailed instruction on the construction and opera- timing generator circuit is responsive to the CTC digital 
tion of standardized test access ports are found in the timin g code for generating a selected time interval be- 
following references: IEEE STANDARD TEST AC- tween a start trigger signal (STS) and a clock strobe 
CESS PORT AND BOUNDARY SCAN ARCH1TEC- signal (STB) according to the specified CTC digital 
TURE, Test Technology Technical Committee of the 15 timing code. The CTC/DS/TDR is coupled to the 
IEEE Computer Society, Institute of Electrical and variable timing generator circuit for specifying the se- 
Electronics Engineers, Inc., 345 East 47th Street, New lected time interval between the STS and STB. 
York, N.Y. 10017 U.S.A. (May 21, 1990) (IEEE Stan- j n the preferred example embodiment, the timing 
dard 1149.1-1990); Colin M. Maunder and Rodham E. generator circuit is provided by a ramp generator bav- 
Tulloss, THE TEST ACCESS PORT AND BOUND- mg a s tart trigger signal input for initiating a voltage 
ARY SCAN ARCHITECTURE, IEEE Computer Soci- ramp signal (RAMP) at a ramp generator output in 
ety Press Tutorial, IEEE Computer Society Press, response to an STSTThe input of a digital to analog 
10662 Los Vaqueros Circle, P.O. Box 3014, Los Alami- converter is coupled to the CTC/DS/TDR and an 
tos, Calif. 90720-1264 (IEEE 1990); John Andrews, 25 output delivers an analog CTC voltage level signal 
"IEEE Standard Boundary Scan 1149.1", National corresponding to the specified CTC digital timing code. 
Semiconductor Corporation, 333 Western Avenue, ^ comparator has first and second inputs coupled to 
South Portland, Me. 04106, WESCON, San Francisco, receive and compare the respective voltage ramp signal 
1991. and CTC voltage signal. The comparator output deliv- 

As noted by Maunder and Tulloss, the design specific 3() crs a clock strobe signal (SXB ) upon substantial coinci- 
TAP test data registers TDRs can be part of the on-chip dence 0 f voltage ramp signal and CTC voltage level 
system logic or the test logic and can have both system signal. 

and test functions. The dedicated test access port pins According to one example an STS pin is coupled to 
afford convenient access to the chip for example from a ^ sxs ^ of ^ genC rator for applying an ofT 
portable computer at an external location for testing or 35 chip start ^gger signal (STS) to initiate the ramp volt- 
otherwise servicing the IC device m situ in its operating age signal j^^p ^ STB pin h coup i ed to the output 
circuit board and environment. of the compter for delivering a clock strobe signal a 

According to the terminology adopted m this specifi- time mtefval ^ thc STS for off cni ^ ^ 

cation, the reference to test components and elements ^ prefcrred cxample ^ off chip non . vo latile CTC 
of the TAP is generalized to 'TAP components and 40 ^ code m is lcd t0 the TOI m ^ off 
elements to encompass both test logic r^Hions and ^ CTC ^ CO(Je m st0fCS gt lcast one cxc 
system logic functions for which the TAP might be ^ cQde for mtQ ^ CTC/D s/TDR 

used. Thus, the stondard test data mput pin, test da* ^ * m fof ^ ^ 

output pin, test mode select pin, test clock pin, test date * similarly, an off chip CTC control processor 

registers, and test mstruction register e c; are referred to 45 ^ the CTC instruction code through the TDI pin 
herein more generally as TAP data mput (TDI) pin, f At> . ^ A . . . r * „. . v 
TAP data output (TDO) pin, TAP mode select (TMS) * the TAP instruction register for controlling transfer 
pin, TAP clock (TCK) pin, TAP data registers (TDRs), of tumng code data. 

and TAP instruction register (TIR) etc. This more gen- According to an alternative embodiment the timing 
eralized terminology is appropriate to objects and fea- 50 « encra *> r ™ cmt * P r ™ d< ?. b y * selectable path delay 
tures of the present invention implementing the TAP <™ h f avin « a «»y circu3t W delay circuit output, 
components and elements in system logic functions. ™> a of alternative deby paths between the 

delay circuit mput and output. The alternative delay 
OBJECTS OF THE INVENTION paths afford different time intervals between a start 

It is an object of the present invention to provide a 55 < STS > a PP Ued at ^ dclav circuit m P ut 

new controllable and programmable timing generator and a clock strobe signal (STB) delivered at the delay 

circuit for IC devices constructed with such a standard circuit output. A plurality of E^PROM memories are 

test access port (TAP). coupled respectively in parallel between the respective 

Another object of the invention is to provide an on delay paths and the delay circuit output The E 2 PROM 
chip timing generator circuit controllable and program- 60 memories are coupled to the CTC/DS/TDR to select a 
mable through the test access port in response to a respective delay path and corresponding time interval 
digital timing code for generating a selected time inter- in response to a specified CTC digital timing code, 
val between a start trigger signal and a clock strobe The invention also provides a new method of control- 
signal according to the digital timing code. ling and programming the timing of the controllable 

A further object of the invention is to provide an IC 65 timing circuit on an integrated circuit chip using the test 

device with a test access port having a controllable access port Other objects, features and advantages of 

timing circuit design specific TAP data register for the invention are apparent in the following specification 

receiving a digital timing code to program an on chip and accompanying drawings. 
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ddtcc rkcc/-DTimrtxj nx: tot? hd a ti7txii-c The DAC and its output voltage sign al Vcrc form 

BRIEF DESCRIPTION OF THE DRAWINGS .paagaiS aB R^ based on _ a n 

FIG. 1 is a general block diagram of a standard test fnalpg vn " flh1pt ra mp and comparator timing circu it 

access port following IEEE Standard 1149.1 and JTAG st;pwn sep arately in FIG. 6 . The analog vanal^tim jng 

Version 2.0. 5^ generator circuit incorporates a ramp generator RA MP 

FIG. 2 is a simplified block diagram of the boundary which delivers at the ramp generator outp ut ft gtahlp 

scan register TDRI of the test access port of FIG. I. ramp or sawtooth voltage sig nal Vrampzs shown in the 

FIG. 3 is a detailed block diagram of the TAP data timing diagram of FIG. 7. The ramp voltage signal 

registers TDRs for a test access port of the type illus- output Vramp is initiated by a start trigger signal STS 

trated in FIG. 1. Unapplied at the STS pin of the IC device and the STS 

FIG. 4 is a state diagram showing operation of the input of the ramp generator RAMP. 



c 



" -\ 

test access port I vr The respective voltage signals Vcrc and Vramp from 

FIG. 5 is a block diagram of the programmable and jrtwnAg and ramp generator rAMf are appuea at th e 
controllable timing circuit according to the invention. -HrsTand second inputs of a voltage compar ator Q">MP OC- ] 

FIG. 6 is a detailed block diagram of the preferred lK The output of the voltaffe comparator provides- ihe 
example ramp generator and comparator timing genera- desired clock strobe signal STB a selected time in terval 

tor circuit embodiment of the invention. after the start tripper signal STg. _ 

FIG. 7 is a timing diagram for the operation of the Referring to the timing diagram of FIG. 7, Vcrc 
timing generator of FIGS. 5 and 6. (min) and Vcrc (max) represent the minimum and maxi- 

FIG. 8 is 8 block diagram of a programmable and 20 mum analog voltage levels of the possible 256 gradu- 
controllable timing circuit according to the invention ated voltage levels at the output of the DAC that may 
similar to FIG. 5 but showing a dual clock strobe signal be specified by the 256 possible CTC binary timing 
timing generator circuit. codes from the cTc/Ds/TDR. Other length timing 

FIG. 8A is a block diagram of another programmable codes affording greater or lesser levels of resolution 
and controllable timing circuit for controlling the lead- 25 may of course also be used. Following initiation of the 
ing edge and trailing edge of a square wave pulse clock ramp voltage signal Vramp by the start trigger signal 
strobe signal. STS, substantial coincidence between the voltage sig- 

FIG. 9 is a block diagram of an alternative embodi- nals Vcrc and Vramp will cause a rising edge clock 
ment of the programmable and controllable timing cir- strobe signal STB at the output of the comparator 
cuit using a selectable path delay circuit in the form of 30 COMP and the STB pin. As shown in FIG. 7 the STB 
a cascade of buffer circuits for the variable timing gen- Vot/r(min delay) represents the minimum time delay or 
erator circuit. insertion delay achievable by the analog variable timing 

FIG. 9A is a timing diagram for operation of the generator circuit when the ramp voltage signal 
circuit of FIG. 9. (Vramp) coincides with the lowest analog voltage sig- 

DESCRIPTION OF PREFERRED EXAMPLE 35 ^Jt^ ^S^sS S^rS* 

cA*RnriTXJ*:isrr<; Awn ppct wnnp nv thp nsmg cd S e of ™* clock strobe "gnal STB Vout (max 
EMBODIMEm-S^DBKT MODE OF THE delay) reprcsents ^ longest ^ between the 

INVENTION STS m £ STB in the range of the analog variable timing 

A simplified circuit diagram of an integrated circuit generator circuit when the ramp voltage signal Vramp 

chip IC incorporating the programmable and controlla- -40 coincides with the highest voltage level Vcrc (max) at 

le timing circuit according to the invention is illus- the output of the DAC. The difference between the 

trated i n FIG. 5. The IC device incorporates a stand ards longest time interval between STS and STB and the 

test access port as described with reference to F IGS. shortest time interval between STS and STB represents 

1-4 and elements performing the same functions are the programmable range and resolution of the ramp and 

i ndicated by the samereterencc debiguatiu us. PucSm- 45 comparator variable timing generator circuit. 

pli city, the boundary scan cells a£L oi the boundar y The circuit block diagram ofKIfi. 8 illustrates a simi- 

scan re gister TDRI are not shown on the IC chj pJblQsjc lar ramp and comparator programmable and controlla- 

diagram except at the STS input pin and STlT pittRUt ble timing circuit. In this example however the ramp 

pin. * generator provides a sawtooth or voltage ramp output 

-pThe test access port TAP of the IC device of FIG. 5 50 signal Vramp for two different ramp and comparator 

incorporates as one of the design specific registers a variable timing generator circuits of opposite polarity. 

controllable timing circuit design specific TAP dat a Two different controllable timing circuit design specific^ 

re gister TDR6 referred to herein as CTC/DS £EER- In TAP data registers TDR6 and TDR7 are provided for 

this example the controllable timing circuitd esign spe- specifying different CTC bin ary timing codes to sep a^ y 

cific TAP data register TDR6 is an 8 bit shift register 55 rate digital to an alogxpnycrjers D'AC6'andT)AC7.,Th< 

coupled to the TDI pin for receiving an 8 bit wide CTC outputs of fee respective (tt gital to analo g converter 

digital timing code. Different length shift registers and .. DAC^.aiid.DA^are^ppUe^Iatjespe ctive in puts of 

tttfferent length timing codes may of course also be separate comparators COMP6 and CQMP7. T he j)the y 

used. The CTC/DS/TDR is therefore capable of re- mpjitsToLthc jesp^^e^coimjar atore'are provided bvi 

ceiving and temporarily storing any of 256 different 60 the_ja mp generator RAMP in the form of the„v oltage\ 

CTC digital timing codes, for specifying up to 256 dif- ramp outp ut Vramp- The output s of the res pectiv e } 

ferent timing intervals as hereafter described. Jle-out- comparatorTjCQMPj^and-COM P7 jjoyide^ separatel y 

put jif the CTC/DS/TDR is coupled to a digitaLto controllable j slock strobe si gnals STB6 "and STB7 at 

analog converter DAC which converts the 256 digi tal respective-output pins STB6 and STB 7il 0^v~~thre e-of 

timing codes into 256 respective graduated analog vo lt* 65 the boundary scanxells BSCcXtheboundarv scanregis- 

age levels at the output of the DAC . The analog voltage ter TDRI axejncidentall y shown adja centj o the ST S 

signal level at the output of the DAC is referred to input.pin.and. STB6 and STB7 ou tput pins. The separate 

ferein as Vcrc- time intervals between the start trigger signal STSjgd 
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STB6 and between STS and STB7 are separately pro- FREQUENCY ECL VOLTAGE CONTROLLED 

grammed by the binary timing codes from TDR6 and RING OSCILLATOR. Another programmable delay 

TDR7. line adaptable for use as a variable timing generator 

According to an alternative embodiment illustrated circuit is described in the Fischer et al. U.S. Pat. No. 

in FIG. 8A, the outputs of comparators COMP6 and 5 5,013,944 issued May 7, 1991 for a PROGRAMMA- 

COMP7 may be coupled together through an "and" BLE DELAY LINE UTILIZING MEASURED AC- 

gate AND to provide a single clock strobe output STB. TUAL DELAYS TO PROVIDE A HIGHLY ACCU- 

By this arrangement, both the rising and falling edges of RATE DELAY. Further background and instruction 

the clock strobe signal STB may be controlled. For on the use of phase locked loops for stabilizing variable 

example the LH edge may be controlled and initiated 10 timing generator circuits are set forth in the article by 

when the First comparator COMP6 changes state while Mark G. Johnson and Edwin L. Hudson, **A Variable 

the HL edge is controlled by the second comparator Delay Line PLL For CPU-Coprocessor Synchroniza- 

COMP7 when the second comparator COMP7 changes tion", IEEE JOURNAL OF SOLID STATE CIR- 

state. To this end, the inputs to respective comparators CUITS, Volume 23, No. 5 f Pages 1218-1223, October 

COMP6, and COMP7 namely Vcrc& Vcre7. and 15 1988; and the article by William B. Llewellyn, Michelle 

Vramp&k coupled with opposite polarity for determin- M. H. Wong, Gary W. Tietz, and Patrick A. Tucci, 

ing the rising and falling edges of output clock signal National Semiconductor Corporation, "A 33 Mb/S 

STB. If opposite polarity couplings are not used, then Data Synchronizing Phase Locked Loop Circuit", 1988 

appropriate inverters may be required to deliver proper IEEE International Solid State Circuits Conference, 

polarities to the "and" gate AND. 20 Digest of Technical Papers, Wednesday, Feb. 17, 1988 

Further background on programmable ramp and (WAM 1.1). 

comparator variable timing generator circuits is found Software for managing a standard test access_e ffit 

in the article by Richard Feldman and David Rosky, "A according to IEEE Standard 1 149. 1 and JTAG Version 

Step by Step Guide to programmable Delays", ELEC- 2.0 is available from companies such as Teradvn e. 

TRONIC DESIGN, Jun. 13, 1991, Pages 97-104. 25 Hewlett Packard, and Alpin ? Im^g* SyctPmQ/TVr^HynP 

An alternative embodiment of the programmable and provides th e "victory" rrraHwnark) snftwfiry pa rlf qg p 

controllable variable timing generator circuit is illus- jor "virtual in circuit testing", 1> t "Victory" {TrflfK 

trated in FIG. 9. In this example the variable timing jnark) software may be used for loading the CTC binary 



generator circuit is provided by a selected path or se- timing cooes into tne con trollable timing circuit design 
lectable path delay circuit having an input and a cascade 30 specific TA^ data regislei 1 C117DS/TDR: — ~ 



of buffer circuits CBC coupled in sequence with respec- Utilization of the variable tim ing ffertprator circuit 

tive outputs coupled to the delay circuit input in a phase < according to the invention is typically as follows. The 

lock loop through phase comparator PHASE COMP. time interval generated bv the va rinhlg timing ggnwfltnr 

Variable capacitors VC provide tunable subloops from circuit is increased through suitable programming of the 

the respective buffer circuit outputs. The buffer circuit 35 CTC digital timing codes to increase the interval be- 

outputs are also coupled in parallel through electrically tween the STS and STB until a failure point is reached 

erasable programmable memories E 2 PROMs through in a circuit controlled by the clock strobe signal STB. 

logic gates to the delay circuit output which delivers Similarly the timing interval is decreased until a failure 

the clock strobe signal STB to an STB output pin a point of the controlled circuit is reached. Then the 

selected time delay after the initial start trigger signal 40 timing is set between the maximum and mmim\»m fail- 

STS at the delay circuit STS input pin. Only two of the ure points of the timing interval to accommodate the 

boundary scan cells BSC of the boundary scan register tolerances of the circuit controlled by the variable tim* 

TDR1 are shown incidentally adjacent to the respective ing generator circuit, 

STS input and STB output pins. While the invention has been described with refer- 

The selected delay path through the cascade of buffer 45 ence to particular example embodiments it is intended 

circuits CBC and therefore the selected time interval is to cover all modifications and equivalents within the 

determined by the E 2 PROM memories which are in scope of the following claims, 

turn coupled to the controllable timing circuit designed I claim: 

specific TAP data register CTC/DS/TDR of the test 1. A controllable riming circuit (CTC) for an inte- 

access port. The CTC binary timing code in the 50 grated circuit chip (IC) having a test access port (TAP) 

CTC/DS/TDR again determines the selected time with TAP access pins including a TAP data input 

interval through the E 2 PROM memories. Operation of (TDI) pin, a TAP data output (TDO) pin, a TAP mode 

the cascaded buffer circuit variable timing generator select (TMS) pin, and a TAP clock (TCK) pin, said test 

circuit is reflected in the tirning diagram of FIG. 9A. access port having a plurality of TAP data registers 

As shown in FIGS. 9 and 9A, the E? PROM outputs 55 (TDRs) coupled to receive data signals at the TDI pin 
are paired to provide output control signals a and b at and to shift data signals to the TDO pin, a TAP instruc- 
respective first and second STB control outputs. One of tion register (TIR) coupled to receive instruction codes 
the output control signals b is inverted through the at the TDI pin and to direct use of selected TDRs, and 
INVERTER so that signals a and 5 control the rising a TAP controller coupled to receive control signals at 
edge and falling edge respectively of a square wave 60 the TMS pin and clock signals at the TCK pin and 
output clock pulse at STB. The respective first and provide control and clock signals for controlling opera- 
inverted second control outputs a.6 are coupled to the tion of the TIR and TDRs comprising: 
inputs of the AND gate. The output of the AND gate said TAP comprising a controllable timing circuit 
provides the STB clock pulse signal. design specific TAP data register 

An example of an ECL voltage controlled ring oscil- 65 (CTC/DS/TDR) constructed for receiving a 

lator suitable for application as the variable timing gen- coded CTC digital timing code at the TDI pin; 

erator circuit is described in the Craig M. Davis U.S. a variable timing generator circuit responsive to the 

Pat No. 4,876,519 issued Oct. 24, 1989 for a HIGH CTC digital timing code for generating a selected 
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time interval between a start trigger signal (STS) 
and a clock strobe signal (STB) according to the 
specific CTC digital timing code; 
said CTC/DS/TDR being coupled to the variable 
timing generator circuit for specifying a selected 
time interval between the start trigger signal (STS) 
and said clock strobe signal (STB). 

2. The CTC of claim 1 comprising a non-volatile 
CTC timing code memory coupled to the TDI pin of 
the TAP, said CTC timing code memory storing at least 
one CTC digital timing code for entry into the 
CTC/DS/TDR for specifying the selected time inter- 
val for generation by the timing generator circuit. 

3. The CTC of claim 2 wherein the CTC timing code 
memory is an off chip memory coupled at the TDI pin. 

4. The CTC of claim 2 comprising a CTC control 
processor coupled to selected pins of the TAP for deliv- 
erying control signals and clock signals for operation of 
the TAP controller circuit. 



10 



10 



15 



being coupled in a phase locked loop to the delay circuit 
input for stabilizing the timing intervals of the respec- 
tive delay paths. 

10. The CTC of claim 9 wherein the E 2 PROM mem- 
ories are coupled in pairs to respective first and second 
STB control outputs (a,b) and comprising an inverter 
gate coupled in the second STB control output (b) 
thereby providing first and inverted second STB con- 
trol outputs (a,b), and an AND gate having first and 
second AND gate inputs coupled to the first and in- 
verted second STB control outputs (a,b) for separately 
controlling the rising and falling edges respectively of 
said clock strobe signal (STB) at the delay circuit out- 
put, and wherein said clock strobe signal (STB) is a 
square wave signal. 

11. A controllable timing circuit (CTC) for an inte- 
grated circuit chip (1C) having a test access port (TAP) 
with TAP access pins including a TAP data input 
(TDI) pin, a TAP data output (TDO) pin, a TAP mode 



5. The CTC of claim 4 wherein the CTC control 20 select (TMS) pin, and a TAP clock (TCK) pin, said test 



30 



35 



processor is an off chip processor coupled to the se 
lected pins of the TAP. 

6. The CTC of claim 1 wherein the variable timing 
generator circuit comprises: 

a ramp generator (RAMP) having a start trigger 25 
signal input for initiating a voltage ramp signal 
(Vramp) at a ramp generator output in response to 
said start trigger signal (STS); 

a digital to analog converter (DAC) having an input 
coupled to the CTC/DS/TDR and an output de- 
livering an analog CTC voltage signal (Vctc) cor- 
responding to the specified CTC digital timing 
code; 

and a comparator (COMP) having first and second 
inputs coupled to receive and compare the respec- 
tive voltage ramp signal (Vramp) and CTC voltage 
signal (Vctc) and an output coupled to deliver said 
clock strobe signal (STB). 

7. The CTC of claim 6 wherein the IC comprises an 
STS pin coupled to the STS input of the ramp generator 40 
(RAMP) for applying said start trigger signal (STS) 
from an off chip source to initiate the ramp voltage 
signal (Vramp) and an STB pin coupled to the output of 
the comparator (COMP) for delivering said clock 
strobe signal (STB) for off chip use a selected time 45 
interval after the start trigger signal (STS). 

8. The CTC of claim 1 wherein the variable timing 
generator circuit comprises: 

a selectable path delay circuit having a delay circuit 
input, a delay circuit output, and a plurality of 50 
alternative delay paths between the delay circuit 
input and output affording different time intervals 
between said start trigger signal (STS) applied at 
the delay circuit input and said clock strobe signal 
(STB) delivered at the delay circuit output; and 

a plurality of E 2 PROM memories coupled respec- 
tively in parallel between the respective delay 
paths and the delay circuit output, said £ 2 PROM 
memories being coupled to the CTC/DS/TDR to 
select a respective delay path in response to said 
specified CTC digital timing code. 

9. The CTC of claim 8 wherein the selectable path 
delay circuit comprises a cascade of buffer circuits cou- 
pled to the delay circuit input and having respective 
buffer circuit outputs defining the respective delay 
paths,, said plurality of E 2 PROM memories being cou- 
pled in parallel between the buffer circuit outputs and 
the delay circuit output, said buffer circuit outputs 



55 



60 



65 



access port having a plurality of TAP data registers 
CTDRs) coupled to receive data signals at the TDI pin 
and to shift data signals to the TDO pin, a TAP instruc- 
tion register (TIR) coupled to receive instruction codes 
at the TDI pin and to direct use of selected TDRs, and 
a TAP controller coupled to receive control signals at 
the TMS pin and clock signals at the TCK pin and 
provide control and clock signals for controlling opera- 
tion of the TIR and TDRs comprising: 
said TAP comprising a controllable timing circuit 
design specific TAP data register 
(CTC/DS/TDR) constructed for receiving a 
coded CTC digital timing code at the TDI pin; 
a digital to analog converter (DAC) having an input 
coupled to the CTC/DS/TDR and an output de- 
livering an analog CTC voltage level signal (Vctc) 
corresponding to the specific CTC digital timing 
code; 

a ramp generator (RAMP) having a start trigger 
signal input for initiating a voltage ramp signal 
(Vramp) at a ramp generator output in response to 
a start trigger signal (STS); 
a comparator (COMP) having first and second inputs 
coupled to receive and compare the respective 
voltage ramp signal (Vramp) and CTC voltage 
signal (Vctc) and an output coupled to deliver a 
clock strobe signal (STB) upon substantial coinci- 
dence of the voltage ramp signal (Vramp) and 
CTC voltage signal (Vctc) thereby generating a 
selected time interval between the start trigger 
signal (STS) and clock strobe signal (STB) accord- 
ing to the specified CTC digital timing code from 
the CTC/DS/TDR; 
said IC having an STS pin coupled to the start trigger 
signal input of the ramp generator (RAMP) for 
applying said start trigger signal (STS) from an off 
chip source to initiate the ramp voltage signal 
(Vramp) and an STB pin coupled to the output of 
the comparator (COMP) for delivering said clock 
strobe signal (STB) said selected time interval after 
the start trigger signal (STS); 
and an off chip non-volatile CTC timing code mem- 
ory coupled to the TDI pin of the TAP, said CTC 
timing code memory storing at least one CTC digi- 
tal timing code for entry into the CTC/DS/TDR 
for specifying a selected time interval. 
12. The CTC of claim 11 comprising: 
first and second CTC/DS/TDRs (TDR6.TDR7); 
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first and second DACs (DAC6, DAC7) coupled to timing code in the CTC data memory, and loading a 

the respective first and second CTC/DS/TDRs CTC digital timing code into the CTC/DS/TDR from 

(TDR6,TDR7) and providing first and second the CTC data memory in response to the CTC instnic- 

analog CTC voltage level signals (Vance, Vena); tion code. 

first and second comparators (COMP6, COMP7), 5 16. The method of claim 13 wherein the variable 

said first and second analog CTC voltage level timing generator circuit comprises a ramp generator 

signals (Vcrc*. Vczo) and voltage ramp signal (RAMP) having a start trigger signal input for initiating 

(V/MAf/») being coupled to the respective first and a voltage ramp signal (Vramp) at a ramp generator 

second comparators (COMP6, COMP7) with op- output in response to said start trigger signal at the start 

posite polarity; trigger signal input, a digital to analog converter 

an AND gate having first and second AND gate (D A C) having an input coupled to the CTC/DS/TDR 

inputs coupled to respective outputs of the first and an output delivering an analog CTC voltage signal 

second comparators (COMP6, COMP7), said (v C7t: ) corresponding to the specified CTC digital 

AND gate having an output coupled to the STB ^ mhlg ^ a comparator (COMP) having first 

pin for providing said clock strobe signal (STB) ^ mputs coupled t0 receive and compare the 
having rising and falling edges separately con- 15 rcS pective voltage ramp signal (V/^mp) and CTC volt- 

^Ued by the ^^ctwe first and second signal (V C7 c) and an output delivering said clock 

CTC/DS/TDRs (TDR6, TDR7, and wherein said ign ^ (ST B) upon substantial coincidence of the 

clock strobe signal is a square wave pulse. volta levcls of v m6 v and comprising the 

13. A method of controlling and programming the f ur ther steps of 

timing of a controllable t timing circuit (CTC) on an 20 ^ start trigger signal (STS) at the start 

"L^^F^ ttigS- signal input of the ramp generator 

(TAP) with TAP access pins including a TAP data (RAMP)- and 

input CTDI) pm for receiving data signals and instruc. delivering said clock strobe signal (STB) a selected 

tion codes, a TAP data output (TOO) pin for shifting to after the start * trig ^ er ^ (STS) 

^ da ^ S ^r S and m ? tructl0n , a TA / ~S 25 according to the specified CTC digital thning code 

select (TMS) for receiving control signals, and a TAP m ^ CTC/DS/TDR 6 * 

and to shift data signals to the TDO pin, a TAP instruc- 3Q ""f^S^^^St «™ ^ qt< 

tion register (TIR) coupled to receive instruction codes 30 ap & n ^ 2£ £f£' I' 8 * (STS) at ^ STS 
at the TDI pin and to direct use of selected TDRs, and ^Tli^ri^frfXif SSL «; OTfl , ,c™ th 
a TAP controller coupled to receive control signals at M ^^°^ tn * C ^ (STB) * 

the TMS pin and clock signals at the TCK pin and nVt?Zl%^A^\* ^ • A 

provide control signals and clock signals for controlling „ . ^ ^ method of claim 13 wherein the variable 

operation of the TIR and TDRs comprising: 35 J""* « en .?* t0 ? comprises a selectable path 

constructing the test access port with a controllable ^y circuit having a delay circui input a delay circuit 
timing circuit design spedfic tap data register Tifw^ ^^J* of dte ? atI * e delay paths cou- 
(CTC/DS/TDR) coupled to the TDI pin for re- pled between the delay circuit mput and output afford- 

ceiving data signals in the form of a CTC digital m S "fT^lT^ ™* ^ tr ? gg ?I 

timing code* 40 ^al (STS) applied at the delay circuit mput and said 

providing on the IC a variable timing generator cir- cl( ** strob f "S?* 1 ( ^>^ v , cred at * e <*elay circuit 
cuit responsive to a CTC digital timing code for out P ut > » P lurahtv . of EWROM memories coupled De- 
generating a selected time interval between a start tween * e '*^Xw dday pa ^ and de ^ circ ^ 
trigger signal (STS) and a clock strobe signal ^P u ^^* PROM ™ mme& ^8 coupled to the 
(STB) according to the specified CTC digital tim- 45 CTC/DS/TDR to select a respective delay path in 
ing code, and coupling said variable timing genera- response to said specified CTC digital tuning code, and 
tor circuit to the CTC/DS/TDR; comprising the further steps of: 

operating the TAP controller to direct loading into applying said start trigger signal (STS) at the delay 
the TAP instruction register (TIR) of a CTC in- circuit mput; 

struction code which directs operation of the 50 Meeting a delay path using the E*PROMs in re- 
CTC/DS/TDR; sponse to said specified CTC digital timing code; 

selecting the CTC/DS/TDR in response to the CTC and delivering said clock strobe signal (STB) at the 
instruction code, loading a specified CTC digital deIa y circuit output a selected time interval after 

timing code in the CTC/DS/TDR from the TDI ^e start trigger signal (STS). 

pin, and shifting the CTC digital timing code to the « w - The method of claim 18 wherein the selectable 
variable timing generator circuit; and P 1 * 0 dela y circuit comprises a cascade of buffer circuits 

generating a selected time interval between said start having respective buffer circuit outputs, and wherein 
trigger signal (STS) and said clock strobe signal the E 2 PROM memories are coupled in parallel between 
(STB) in response to the specified CTC digital the buffer circuit outputs and the delay circuit output, 
timing code. 20* The method of claim 18 wherein the IC is formed 

14. The method of claim 13 comprising the step of 60 with an STS pin and an STB pin and wherein the step 
providing an off chip CTC control processor coupled to of applying said start trigger signal (STS) at the delay 
selected TAP pins, delivering control signals and clocks circuit input comprises deriving the start trigger signal 
signals for operation of the TAP controller, and loading (STS) from an oft chip source coupled to the STS pin, 
the CTC instruction code in the TIR in response to deriving the CTC digital timing code from a second off 
control and clock signals from the TAP controller. 65 chip source coupled to the TDI pin, and delivering the 

15. The method of claim 13 comprising the step of clock strobe signal at the STB pin for off chip applica- 
providing an off chip non-volatile CTC data memory tions, 

coupled to the TDI pin, storing at least one CTC digital * • • • * 



03/24/2004, EAST Version: 1.4.1 



